INTRODUCTION
Pemphigus foliaceus (PF) is a rare autoimmune disease characterized by autoantibodies against desmoglein 1 (DSG1), a desmosomal cell-adhesion protein that is expressed in the epidermis 1 . The main clinical feature of PF is the formation of intra-epidermal blisters due to keratinocytes' loss of adhesion, a process called acantholysis 2 . In Central-Western Brazil, PF is endemic (EPF) and popularly known as fogo selvagem (that means "wild fire" in Portuguese). PF aetiology is multifactorial, with the participation of environmental and genetic factors. Several environmental factors have been speculated to be involved in PF pathogenesis, which for EPF includes precarious living conditions and hematophagous insect bites [2] [3] [4] . Diverse studies have demonstrated the importance of genetic factors. The first and strongest genetic associations ever reported were with the HLA class II genes encoding the beta chain of the HLA-DR and HLA-DQ molecules 5, 6 . Polymorphisms in other proteincoding genes have been found associated with EPF [7] [8] [9] [10] [11] [12] [13] [14] . A recent study showed that a 3' untranslated region polymorphism is associated with susceptibility to EPF by affecting a microRNA (miRNA) binding site 15 . Despite that, polymorphisms in non-coding regions have not been systematically analysed in any form of pemphigus.
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For a long time, genetic studies of complex diseases focused mainly on protein-coding genes.
Along the last two decades, however, the importance of non-coding regions and non-coding RNAs in biological processes became evident, such as gene expression regulation, dosage compensation, and cellular differentiation 16, 17 . Interestingly, more than 90% of complex disease-and trait-associated variants that emerged from genome-wide association studies lie within non-coding sequences 18 . Recently discovered, long non-coding RNAs (lncRNAs) comprise a heterogeneous class of transcripts with over 200 nucleotides in length that may exhibit important molecular functions distinct from those transcripts that encode proteins 19 .
LncRNAs genes are structurally and transcriptionally similar to protein-coding genes, with exons, introns and post-transcriptional processing; however, they show lower and more tissue-specific expression than protein-coding genes 20, 21 . Mature lncRNAs may be located in the nucleus and the cytoplasm and can interact with DNA, other RNAs, and proteins; yet the specific functions are still unknown for most of them. They participate in many cellular processes including gene expression regulation, and act, for example, in transport and maturation of RNA, epigenetic regulation, chromatin remodelling and as competitor endogenous RNAs (ceRNAs) 22, 23 .
Aberrant lncRNA expression has been associated with susceptibility to diseases, likely playing a role in their onset or development [24] [25] [26] [27] . Furthermore, single nucleotide polymorphisms (SNPs) in lncRNAs genes may influence genetic predisposition to complex diseases, such as infectious and autoimmune diseases and cancer [28] [29] [30] [31] . However, lncRNA polymorphisms ha ve been analysed only in a few diseases and never in any form of pemphigus. Therefore, in order to investigate if lncRNA SNPs influence susceptibility to endemic pemphigus foliaceus, we used genome-wide genotype dataset of nearly 7,000 individuals and integrated them with an updated lncRNA polymorphisms database. We found six lncRNA SNPs that may influence susceptibility to EPF. Additional in silico analysis
demonstrated that four of these SNPs may alter lncRNAs conformation, while three of them may influence potential miRNA-lncRNA interactions. Together, our results suggest that genetic variation of lncRNA affects the susceptibility to EPF and probably also other forms of pemphigus.
MATERIAL AND METHODS

Population sample
The sample comprised 229 EPF patients and 6,681 controls without the disease. 
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This article is protected by copyright. All rights reserved. 34 . In summary, we excluded SNPs with (1) a low call rate (< 95%), (2) A total of 2,080 intersected SNPs (Table S1) were used for association analysis.
Association analysis
A case-control analysis was performed by logistic regression for the additive model. To avoid bias due to population stratification, a principal component analysis was carried out using the EGENISTRAT algorithm 36 . For this analysis, the 204,967 markers that remained after QC were used to certify that samples from the EPIGEN-Brasil project belong to the same population stratum as the controls from endemic areas. Population structure was adjusted using the two principal components (PC1 and PC2) as covariant in the Plink 1.9 software 37 .
Differences between the patient and control samples with P value < 0.001 were considered as
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suggestive associations, while the Bonferroni corrected P value of 2.4 x 10 -5 was considered unambiguously statistically significant.
In silico analysis
We applied in silico analysis to explore the genetic associations identified in this study.
Firstly, we hypothesized that the SNPs associated or suggestively associated with EPF could affect the secondary structure of lncRNAs and, consequently, their interact ions with other RNAs or proteins, as well as their function. Next, we explored the functional annotation data for each SNP using publicly available tools and databases. Moreover, we explored the SNPs regarding their potential effect on lncRNA-microRNA interaction because microRNAs (miRNAs) can participate in post-transcriptional regulation of lncRNAs as well as lncRNAs can act as endogenous competitors of miRNAs. For this, were considered only variants present in the mature sequence of lncRNAs, as described below.
Secondary structure prediction of lncRNAs: The online version of RNAfold Web
Server based on Vienna RNA package 38 was used to predict the secondary structure of lncRNAs which have variants located in exons of their genes associated or suggestively associated with EPF. To evaluate the impact of those SNPs on the lncRNA secondary structures, we first extracted lncRNA transcript sequences from the human reference genome (Ensembl version 93) and, for each SNP, we changed the corresponding variant site to obtain the structure of the lncRNA with both SNP alleles. Further, the RNAfold software was used to predicted lncRNA secondary structure based on minimum free energy (MFE) calculations.
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Finally, by intersecting predictions from the lncRNASNP2 database for the pemphigusassociated SNPs, we were able to obtain a list of miRNAs whose binding motif includes the SNP site.
RESULTS
Association analysis
In order to identify SNPs located in lncRNAs associated with EPF, we tested 2,080 lncRNASNPs by performing a logistic regression on nearly 7,000 individuals. We identified six SNPs that possibly have an impact on susceptibility to EPF (P < 0.001; Table 1 , Figure 1 ).
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The variant rs7144332 T located at the lncRNA AL110292.1 on chromosome 14 showed the most significant association (OR = 1.63, P = 2.82 x 10 -6 ). Furthermore, we observed suggestive associations (P < 0.001) with the variants rs6095016 A, rs7195536 G, rs1542604
T, rs6942557 C and rs17774133 T. These variants are either in intronic or exonic regions of lncRNA genes that partially overlap protein-coding genes or other no n-coding genes ( T, rs1542604 T, rs6942557 C, and rs17774133 T can either be present in, or absent of, the mature lncRNA, depending on the particular mature lncRNAs isoform ( Figure S1 ).
Therefore, these SNPs may have different consequences for the distinct transcripts of the same lncRNA gene.
In silico analysis
To identify the possible effects of variants associated or suggestively associated with EPF, we performed three types of in silico analysis.
Initially, we focused on the five SNPs located in exons, which therefore are present in the lncRNA mature sequence, to verify their possible impact on lncRNA secondary structure. 
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This article is protected by copyright. All rights reserved. Furthermore, we intersected our results with the predicted lncRNA-miRNA interactions from the lncRNASNP2 database 41 to identify a possible effect of each associated SNP on the gain or loss of miRNA binding sites. Three suggestively associated variants (rs1542604 T, rs6942557 C, and rs17774133 T) were predicted to create a new miRNA binding site in the lncRNAs (Table 2) . Also, two of these variants (rs6942557 C and rs17774133 T) may disrupt miRNA binding sites. The variant rs17774133 T was the most likely to affect the miRNA:lncRNA interaction since it was predicted to likely affects the binding sites of six miRNAs ( Table 2) .
DISCUSSION
Here we report the first case-control association study searching for the influence of lncRNA polymorphisms in pemphigus. The genotype and allele frequencies of 2,080 SNPs distributed over the whole genome were obtained for 229 EPF patients and 6,681 controls without the disease. Our goal was to identify lncRNA variants which impact pemphigus pathogenesis.
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Our in silico analysis suggests that rs1542604, rs6942557, and rs17774133 can create or disrupt binding sites for miRNAs. This kind of interference of a lncRNA SNP has been observed in pancreatic cancer 44 . That study showed that the rs11655237 G>A SNP located in the exon 4 of LINC00673 creates a miR-1231 binding site that affects the lncRNA levels in a variant-specific manner. Thus, we suggest that the SNPs predicted to create or disrupt miRNA binding sites may alter potential lncRNA-miRNA interactions, which is a plausible explanation for the observed suggestive genetic associations with EPF susceptibility. The functional annotation analysis revealed that the SNP rs7195536 located in lncRNA AC009121.1 is an eQTL for three nearby genes: RMI2, RP11485G7.5 (AC009121.2), and CTD-3088G3.4 (AC099489.2). Thus, the expression of these genes probably is (co-)regulated by lncRNA AC009121.1 and influenced by the rs7195536 genotypes. Moreover, based on the high score from Regulome DB for rs6942557 (1b ; Table S2 ) and the lack of strong linkage disequilibrium (defined as r 2 > 0.8) between this variant and others (Table S3) , we suggest that this variant may have a direct effect on EPF susceptibility and is a strong candidate for functional validation.
Some possibilities of how an SNP can affect the function of lncRNAs are suggested here solely based on in silico analysis and require further in vitro or in vivo functional validation.
It is also important to bear in mind that some SNPs associated or suggestively associated with EPF identified here are in linkage disequilibrium (r 2 > 0.8) with other SNPs (Table S3) , and therefore they may not be the causal variants.
This is the first study that identifies SNPs located in lncRNA genes that are associated with pemphigus. There are no previous reports of variation within lncRNA loci being associated with any form of pemphigus. The results of our study indicate that genetic variants of lncRNA influence pemphigus pathogenesis, and that these lncRNAs are involved in biologic processes relevant to the disease. Therefore, it is plausible that these SNPs contribute to disease manifestation due to their impact on molecular interactions. This work adds valuable information to the growing research about susceptibility and pathogenesis of pemphigus and suggests possible targets for functional validation. Besides, our findings highlight the importance of lncRNA variation in autoimmune and possibly other complex diseases.
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